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TIN ORES 
Dvid F. weH, Wëstpor, Robert B. Thompson 
Wflt, .. EHi0tt J. Roberts, Westport, Co, 
ssihos fo Thê Dort Compny (Inc. New 
York» N. Y.,  corporation of Delwre 
his vention relates t0 a fiuiisblis 
tem for Selectively recoveri t from orës 
Vslatilized tin-compound a wéll :as rC¤ëri 
othêr volatile metli compouns from thê paree 
ent ores. If is particulàrly duptaSle for o6egs 
ing low-ade tin ores conaing, or àdmied 
with, free or c0mbed sulfùr in 0xidizable fSrm. 
i0r temp ha?e been ruade fo benefiCiaté 
tin oi'es. Gefierall hêsê metho Wère irëctëd 
t0wards impr0g the lëaching chrteri 
of the ore so that the tin-content thereSf o 
ï'ècovèred fro the ore by solvént ékt'gcio 
owever, sèveràl prceoesere devèl0édtb ëp 
ai'are the tin from the 6e às a Vblátilêd com 
pound. esë prioi, tiny01afliàtion proesses 
wëre characterized by ntric dculties. Some 
ere Suited princiPally for intmittent 
tion; some required exterl heating 0f the 5re 
in order to reach volatiiizati0n temperatm'ès and 
the presènCe. 0î Weak reducing gases. Others, 
thbugh directly heatg the ore bY Combustion 
suifide cotituens or adme fue and .air, 
requed fiuxes for slagging Purposes o quènch- 
ifigàgents Such as àtër fo control the tëëa- 
tures in the tin-v01atïiizati0n Zbne. In all 0f 
thëse p0ï" art processes, tempm,ture C6nti'ol 
the ti-Volafliation zone ws poor an the ré- 
cove of tin from the orè di hot attùin the 
ranges indicad by their pr0onënts. Fther- 
more, th0se çr0cesses Which reqii'ed the use oI 0 
added fuel Were partiuIarly economical in 
Some of the regions where the t ores are fohnd. 
Th invention overcomes the difficulties of 
prior tin-volïlati5n pr0dèsses and achiëves 
contu0us oeratiofi with cl0së tempèraue c0fi- 
trol; the inventiSn may be pràtic in elafiVelY 
Sple apparat and over 95 of the tin in the 
ore may be recovered. Since many low-grade 
ores of the sulfide-tpe c0ntain Sflfficient oxid- 
able Suift to furhh thWheat requfl'ëd b 0ur 4o 
process, it will ordiril be néesmw t5 Sup- 
ply e:tanus fuël. è vaIue 0f his ifivention 
in eas whëë fuel-is àt a prëmium 
Dgrêflt. HoeVé: ssuld fuel need 0 e addéd 
whtretg bioEifl ti 6r othe 0es,. aUY 
ess all0Ws jection 0f the fuël dirëCtly  cOntact 
With the ore. If is sificant that close témr- 
ature control is not sacficed by this procedure 
and the added fuel is utilized efficiently. 
In its prefem'ed form, this ivention uses a 50 
heat-treatment reactor, or roastmg fnace, 
Which  adapd fo cbntain both a surjacent 
bed or layer, and a sub]oeent bed 0f fidied, 
thérmllyhomogenëo, finely-divided orè Dai'ti- 
cle. H'eafter, inview of the principal fc, 

2 
tions, tte supei;ja'ceit bed of fittidiZl solids-wlll 
be .'eferred fo as the upper oi" ,tiAv01£tilizatl0ï 
bed, and the heat-suPpIyïng subjac-éit bëd :àsChe 
lower or oreeeroasting bed. 
ïhe rw or'e in powdered form .is supplfed 
the úpper b'ed; the bdlk of the detirmed oïe lS 
removed as i'esidue fro/n tlïe loverbedEnd-vo'li-" 
tilized .tin-compotfid product ïs .relovëd from 
above the uppèr bed With the ëitf.,inin gasës. 
These gaseS are principally nitfog'en an'd sulfur 
dioxide. The nature of à bed .of 'denselysu"- 
pénded or. fiUiclizèdSoliïïs :and ifs ïp5rtanè in 
this inVentïon @fil e inore elë,rly brousht "out 
.'beiow in the detailed descripgior/ of this ineflï 
tion. 
The concept of 0ur inVëntion .ii eonectio 
with tin ore .is thàt lardé volumes of CàefultY 
proportioned scrubbin$ gsès Containig -cêtin 
minimum quantities of Vapoous Sulfur .pass up-- 
wardly through a hot bed f finëIF-dïded in 
ore and at such a rate tlat the tin ore .15artiCles 
form a derse-suspension ë fiuidizlsolid. 
Tle temperature Of thê 0ï«ê particles ïs 
tained within a rsrroW rarig whïCh iïes 
above aid below .tle mëltingp0rt (889."C.) 
tin (stanr0tis Silfide but Wellbeleïv ie b0fling 
point (1,230 ° C.) of this cp6Ulïd. Wittiin ttiï 
temperature range, tvo distiitpien0mên-a fiïay 
occur. If tin in the 0re is presentin the orm:of 
cassitei'ite (sro), it will react vefl wih a sfi-alt 
quantity of sulfurvapor S), such s about 
-to Field StannouS sulfide (SnS). /kfiy tin iniiatly 
present in thé ore as starmoussulfid plus.nêWiy 
formed sannous sulfide, xer  slight Yapi 
pressure t the temPératie prevailing in the hot 
bed Of fiuïdized ère psxticles  this apor présur 
or te/dén'CF of staïmo-sulfidê te be'coe  gs is 
great ei0ugh in out pròcéss só that the la;gè-v61 
ume of scrubbing gas sweeping u" throulz 
béd removes pgetically ail the tin-valueb'f the 
ore as volatili.ed s'tan0us sulfide. It is a.fi im- 
tootnt featue of 0ur invention that the .ore 
pàricles do rï0t stick, or defiuidize een when 
their tmie'ature is b'oVe he melting .loint of 
stannous sulfide. Other featUrês Will llear as 
this specification proceeds but the afnbit, of.the 
invention is to be round in the appended claims. 
Reveing now to a prefem'ed embodinïent of 
this invention. When treating tin ores conain- 
ing substantial quantifies pf pyrites, no extrane 
ous fuel is neCessary. The finely-divided ore; 
which may be as coarse as --4 mesh çTyler sta.nd- 
grd screen) is supplied to çhe upler or tin-vola 
tflization led in the reactor wherein the" ti.a-con- 
tent of the ore is removed-from theupper bed.as 



the vaporous stannous sulflde. In addition fo the 
tin-volatilization function referred fo heretofore, 
some burning of sulfur does occur in thls bed by 
combination with oxygen rising with the gases 
from the lower or ore-roasting bed. This sulfur- 5 
burning is, of course, exothermic and supplies a 
considerable portion of the heat needed for the 
other heat-consuming or endothermic functions 
of the upper bed. The remainder of the heat 
needs are supplied by the sensible heat content of I0 
the gases rising from the lower bed. 
The heat liberated in the upper bed causes 
pyritic constituents in the ore fo evolve sulfur- 
vapor. In turn, some of the evolved sulfur-vapor 
burns; some reacts with the ore fo form stan- 15 
nous suhîde, and the remainder accompanies the 
gases rising from the upper bed. From this, if 
is apparent that a feature of this invention lies 
in proportioning the gases rising from the lower 
bed both as fo their quality or composition and 20 
their quantity so that all the functions of the 
tin-volatilization bed may proceed. 
A further feature of this invention is the main- 
tenance of the upper or tin-volatilization bed 
within a narrow temperature range. We round 25 
that above substantially 940 ° C. the particles in 
the fluidized bed of ore particles tended to stick 
and become defluidized. Likewise, below sub- 
stantially 825 ° C. very little volatilized tin-com- 
pound was yielded by the reactor. Either of 30 
these conditions render the process inoperabIe. 
The entraining scrubbing gases rising from the 
upper bed contain the volatïlized stannous sulflde 
plus some unreacted ore particles and some un- 
reacted sulfur vapor. The stannous sulflde can 5 
be separated from the entrained solids and en- 
training gases only with difliculty. So, this in- 
vention proposes to inject a free-oxygen-bearing 
gas, such as air, into these tin-bearing gases, 
while still hot, to ïorm an entrainable fume of 4O 
solid stannic oxide (SnO2). This fume passes 
through gas-solid separating means, such as 
cyclones used to remove unreacted ore particles 
but it will collect on fllter means such as a bag- 
fllter; this permits collection of the tin-values 45 
as a relatively pure solid product which is amena- 
ble to further refining. 
The hot, partially de-sulfurized ore from the 
upper bed is conducted, out of contact with the 
main body of uprising gases, to within the body 50 
of the lower or ore-roasting bed. Here, the 
pyrrhotite (FeS) present in the particle-form 
solids reacts with oxygen to form gaseous sulfur 
dioxide and solid oxide of iron, as well as smaI1 
amounts of gaseous sulfur trioxide. The oxygen 55 
for these exothermic reactions is contained in a 
gas supplied to the ore-roasting bed; this gas 
should be proportioned in its composition and 
quantity so that no great excess of oxygen en- 
ters the upper bed. Air, admixed with quantities 60 
of dust-ïree gas leaving the dust-separating 
means bas been satisfactory. This admixing 
or recycle gas serres as a diluent whereby 
the oxygen-content of the gas supplied to the 
ore-roasting bed is of a diminished concentra- 65 
tion and thus the proportioned gas required for 
the functions of the upper bed is thereafter 
formed. 
The function of the ore-roasting bed is chiefly 
that of a heat-supplying bed and gas-propor- 70 
tioning mens. The burning of the sulflde con- 
stituents of the ore particles in this bed liberates 
large quantities of heat; some of this heat is 
present in the hot gases rising from this bed as 
so-called sensible heat content. This serres to 7 

lmpart a portion of the heat required for the 
functioning of the tin-volatilization bed. 
Another feature of this invention in connec- 
tion with tin ore is that we round that af about 
1140 ° C. the particles of the lower or ore-roast- 
ing bed become sticky. This results in agglomer- 
ation of the particles and their eventual defluidi- 
zation. This condition likewise renders the proc- 
ess inoperable. 
De-sulfurized ore, which is principally in the 
form of magnetic iron oxide (Fe304), is removed 
from the ore-roasting bed to either discard, fur- 
ther heat recovery and/or recovery of the iron 
content, as by magnetic separation. 
It is within the scope of this invention to sup- 
ply fuel and/or material containing or capable 
of forming unoxidized gaseous sulfur to a fluid- 
ized bed under the conditions above described for 
volatilizing the tin-values of ores. 
The best apparatus ïor practicing the inven- 
tion now known to us has been chosen for the 
purpose of illustrating how the process steps 
of this invention may be carried out. This will 
be described in connection with the processing 
of a particular type of m'e in order to disclose 
fully how to attain the advantages of this 
invention. But before describing this illustra- 
tire example of out invention, it may be helpful 
fo describe rst the nature of fluidization of 
so]id-particles and fluidized-solids type reactors 
in general. 
A fluidized bed is a very dense suspension of 
fine solids in a supporting, up flowing gas. The 
density or solids-concentration per unit volume 
of such a fluidized bed is very high, being com- 
mon/y of the order of 10 to 100 pounds of solids 
per cubic foot of bed volume, which is the equiva- 
lent of from 160.2 to 1602 kilogrms per cubic 
meter. This bed density is to be contrasted with 
typical dilute dispersions or suspensions such as 
dusty air wherein the density or solids-concen- 
tration is of the ortier of only oth of a pound 
per cubic foot of the dispersion, which is the 
equivalent of 0.32 kilogram per cubic meter. 
In addition, the solid particles of a fluidized bed 
are in a high state of turbulence or erratic, zig- 
zag motion in the bed even when the velocity 
of the suspending gas is quite low; this high 
turbulence results in intimate and rapid mixing 
of the solid particles so that in a typical bed 
complete mixing of the particles appears to take 
place instuntaneously. A fluidized bed, by virtue 
of its high density and great turbulence, is also 
noted for the rapid transfer of heat between its 
solid and gaseous components; this heat trans- 
fer is so rapid that a remarkable uniformity or 
homogeneity in the temperature of the bed re- 
sults. 
A fluidized-solids bed is also characterized by 
its flow qualities. Such a bed behaves substan- 
tially like a boiling liquid, in that it will flow 
under fluistatic head and is capable of present- 
ing a level. Thus, a conduit may be inserted 
in a fluidized-solids bed and the solid particles 
will flow down the conduit at their level just like 
water overflows into a drain pipe. These flow 
qualities of fluidized-solids make it feasible to 
emPloy successive, vertically-positioned beds. 
For maintaining and utflizing a fluidized bed, 
u vertical vessel, usually referred to as a fluidized- 
solids reactor, or furnace, is used. In rudi- 
mentary form, this vessel is adapted to contain 
only one fluidized bed by having a single pero 
rated horizontal partition in its lower portion. 
Finely-divided solids particles are supplied to 



'he-vessêl.-above theptition,by-a c6nlIt"nd 
-gsïs pssel uPwardly from the bottom df the 
vessel through the prtition.nd "the so]i 
ticles. The gas passes through the olid par- 
ticles at such a rate that the particles are kept 
-densely-spended as a bed or layer in-the vesseL 
Conduits are provided-for separately removing 
h-e gas from above he fluidized-bed and//forre - 
moving =portions:of he s01ids=rm Some :point in 
:the bed. 
tn more :complex forms, sudh -is :envïsaged 
:inthe Prferred form of:th .invenion, he vessêl 
-my be adapted to :c0ntain a plurality of Verti- 
'catly-:positioned beds, each :of-whih :liës gove 
a :gas:permeble prtiti0n..GnergllY, :the :S61id 
particles :are suppliéd to .the-uppe0St-of :thêse 
«beC:and oVer0wbY,gratyfrem:e :fluid:level 
1 tis -bd-d0wn.thr0ugh -a conduit :to aPoint 
:be!ow the fluid-level in :the néxt -sùbjacent 
16r bed. e sods patidles :hus gaitte 
sccessively doward from uPr :to :lower beds 
and are removed Zrom the vesselat he :levêl 6f 
 the lowermost-bed. e treatment gas is-sup- 
plied below his lowermost bed and rises suc- 
cessively through each bed to-fluize and react 
ith :the soli ofeach bed, being emitted-t the 
.tsp of the vessel. -By this system 0f progres- 
sively descending solids contacg 'upflowing 
a çgeneral -counter-current treatment :6f the gas 
:ànd:eesolids is achieved. 
OEn-he drawgs, gurel repreents g flowseet 
of-howthe solids:and gasespoced when using 
the Preferre two-be :form 0f out invention. 
Figure 2 ïs a graph which emPhizs the 
ltiep between.the amount of tinvec0verable 
-from u particular tin-ore, and he mgll mini-- 
"ma:pressure of sur-vapor (S-) -needed in the 
tinzvoltilization zone. e sUlur-vapor :pres- 
Sure  is expressed in atmospheres. 
gure 3 represents apparatus-suitab!e for 
'practicing .the .invention-in its preferredtwo:bed 
:room. 
,Iilustrative examplv 
e fqlowing description  given in some 
detail to fllustrate the practice of out invention 
- well as seine factors which ae-enviroental 
but will aid in practicing the invention. 
An ore_ana!yzed as .containing-2.38 t (of 
Which 0.67 is stannous suède i. e., oughlF 
0ne-third of the total tin present is in the form 
.of :staeus sulfide), -30 totul sulfur, 27.2 
 irOn and 0.81 arsec my be effectivély de- 
tinned in a tvo-bed reactor, as outne above, 
without the use of extraneous fuel. It may be 
remarked that the inteior surfaces in.the upper 
.section of the reactor, especilly those srfaces 
-above the g-iet points of the upper be, 
hould be lined with a refractorymuterigl vhich 
wfll resist the high tempergtures prevaïling 
he-reactor as well as the corrosive action-of the 
:gases. n out work, we round si]icon cbide 
atisactorygs-a ling materil. 
In-Sarting up-the reactor, air-and uel .are 
:bured in he lower portiOn to peheat the 
actor. en the reactor is u .to ,the .desired 
:empeature, aw ore in flnely-diided form 
:continuously introduced .into the uppr portion 
:of .the reactor. is .may be done by mea of 
a conduit or a device such as a feed screw. t 
my-be remarked that the ore may be as coarse 
:as --4 mesh (ler .screen), and  preferably 
dryundfee,flowing. The raw ore may be sup- 
.plied :ai .a rate of approately 12e0 :pounds 
perday per square foot of horizontal reactor 

:area; ,yariions .wtll.oocur w.len ing-'liërent 
"ores, 
The 'raw ore is continuouly suppliel as ..le- 
scribed, .and when -the flUifl=levêl .ïn the 
5 formed upper -bed exceeds he-overflo 
(usually between about 3 and 5 feet), ore 
ticles flow down into the-lower pmtion 
reacçor (Whfle out-of contact wih 
o of up-flowg :gases) and form a lewerbèd 
10 of solid-particles of about the-same:dehas]he 
upper bed. om he =lower :bëd, ht êted 
s01ids are conducted-either :otsie the 
Where they may be scarded or utillzed"f0r éir 
iron:c0ntent, or hey may :be .pasSed toughv 
15 0r-more successiefluioEzed beds:fOr:::recoe«f 
théir- heat c-ontefit .pior '.fo bèing: remové6m 
he rëctor. e :remaimg teps 
ëxample 11 -be descried as :though "the :solï 
 are réctly remoe fromthe.Tëct0'S3Wer 
20 to 0fitsie the reCtor. 
Initlly, pe air is suppliedto:the rëa-ct0rbe- 
ï0W thelower bed. en the two :beds :3re:ful 
forme and 'the recr is:gt'theproperheat,-t 
fuel supply my be .discontinued. :Thereter, 
25 girlus :adiluent gas, such as miXturesïof 
SOE, ]s :supplied lto e 10Wer 'bed at :gbout 
poun per square h gauge pressurend-t:a 
suffiCientrate so tht :the superflcia].gs ,VlOCi 
throùgh-the react6r : -about 2 feet :p sec0nd. 
30 By superflcigl velocity ,is»meaut :the speed:of:he 
gses rough the reaCtor cas dèteined.:.iUïpor- 
tions 0f he .reactor wherein therere:pmëti¢gHy 
n0solid Particles an wherein the-«eactor:hg:its 
=full coss-sectiongl area. 
35 The free-ogen in :the :gas.combines Wih suN 
fldic cotituents of the particles in he:lower 
bed to form gseous sulfur :oMdes .and.Iibergte a 
go-0d:deal 0fheàt;which mùintai 'thesolids 
gases in this bed at about :1100  C. These 
40 tion, of course, dimiSh the fi'ee:xFgen con- 
tent of the ges vising from-the loWer bed. 
-en treating the particular ore rèferred 
aove, the hot gases rising .from :the ïloer :bé 
wfll contain about '83 trogen :çN) 
45 gen, -14  sulfur-dioxide çSO2) and 0/1 
trioxie (SO). This should :be c0ntrastedçwith 
thegases en,ring the lower bed, Wch WiH =Con- 
tain about 83 trogen, 10% oxygen-an 7% 
.sfur-dioxide. 
50 The hot gases risi.ng from :the lower .bed 'flow 
through the perforated partition 'beneah 
upper be and also pass tough 'the upperbed 
at fluidizing velocity todenselyspd he 
particles in this uer bed. Since thesegasês 
55 are quite hot itia]ly, they .serve to 'keep he 
solid particles in the upper bed {whiCh are-sup- 
plied to the reactor at a low temperature) 
arod 90'0  C. At this temperature, the-pyrite 
(FeS2) present in the ore decomposes to élfl' Pyr- 
60 rhotite (FeS) and sulfurvapor. The sulfur- 
vapor formed exerts'apressure of bout0.012,--t- 
mospheres; this is the equivalen f bout l"y 
vole of the ges pesent in the upper 
n0rmalpresses. e suNur-vp0r ispsent2n 
65 sufficient Volume and-concntràti0n to convt 
tinoxides inthe "or.to-thestaous suède 
whichis volatilized andswept fromthe upper bed 
by the rising gases. At the upper "bed retapera- 
tre-e, any stanno :sulfide originlly presetïn 
-70 the ore will likewisebe swept out of the upper 
bed by the ges. It mayberemarkedt it.may 
prove desirable fo keep he. absolute pveme 
the per portion 6f the regcr bêlaw atmos- 
.Phere to. increase 'the relative pr.sUre' I 



Any oxygen entering the upper bed with the 
fluidizing gases reacts with a portion of the 
sulfur-vapor to yield sulfur-dioxide and heat. 
Likewise, any sulfur trioxide entering the upper 
bed reacts with some of the s,uifur-vapor to form 
sulfur dioxide; thus the gases leaving the upper 
bed will contain about 1% $2, 15 % SO2, 84% N. 
and practically no free-oxygen. The tin-com- 
pound is present in the gases in practically im- 
 measurable amounts. 
Just belote the hot gases containing the tin- 
compound (SnS) leave the reactor or shortly 
thereafter, air is admixed with them. These 
gases react with the air fo form a fine fume of 
solid stannic oxide (SnO2) and gaseous sulfur 
dioxide. The fume is composed of such fine par- 
.ticles that It will hot separate to any great ex- 
tent from the entraining gases when they are 
conducted through a conventional gas-solids 
separating device such as a cyclone but entrained 
ore particles will be so separated. Thereafter, 
the gases are passed through a separating me- 
dium such as a woven or matted filtre" or even an 
electrosatic precipitator in order to separate and 
.collect the rather pure stannic oxide as the prin« 
cipal product of oui" process. The dust-free 
 gases, which are practically all nitrogen and sui- 
fur dioxide are thereafter conducted so that about 
50% of them may be compressed and combined 
with the air supplied to the lower bed. The re- 
mainder is either discarded or utilized in a man- 
ner unconnected with oui- process. The total 
volume of treatment gas supptied fo the lower 
bed is about 36 standard cubic feet per pound of 
ore of .the particular type described supptied to 
the reactor. 
Referring to the drawings: Figure 1 represents 
a simplifled scheme of the fiow of the ore-solids, 
gases and products when practicing the preferred 
two-bed ïorm of out invention. The crude ore 
enters the reactor |  through conduit 42 and is 
discharged therein within the upper or tin-com- 
pound volatilization bed 64. Partially treated ore 
is conducted from upper bed 64 down to the lower 
or ore-roasting bed 22 and is conducted to dis- 
charge through conduit 24. Air supplied through 
.conduit 25 and regulated by valve 26 joins 
cycle gas (mainly nitrogen and sulfur dioxide) at 
conduit 29 and enters the wind-box 3| oï reactor 
|| below the constriction plate ,. The gases 
flow up through bed 22 and the disengaging or 
freeboard space 34 through constriction plate 
to upper bed 6. Therefrom, the gases bearing 
the volattlized tin-compound enter the oxidation 
zone 6 where they joir with air supplied to this 
zone by conduit . The rate thereof ts reu- 
lated by valve 44. 
The gases ïrom the oxidation zone  bear the 
tin-compound fume and leave the reactor 
through conduit ; they thereupon enter 
separatlng-means collectively designated as 
5--6. The tin-compound product is removed 
from the separating-means 6556 throuh con- 
duit '66 and the dust-free gases are conduced 
from the separating-means 6--66 through con 
duit 5. From conduit 5 the gases are partially 
discharged through conduit 58 and are partially 
recycled to reactor || through conduit 66 and 
compressor 6 |--62. The rate of recycling is con- 
trolled by valve 6} in conduit 56. 
Fgure 2 represents graphically the percentage 
by weight of tin-value recovered from the par- 
ticular tin ore described in the illustrative exam- 
ple of this invention as a function of the vapor- 
pressure of sulfur in the upper bed. The vapor 

pressure of sulfur ts expressed in atmospherês. 
Thus at 0.012 atmospheres of sulfur vapor some 
92% of the tin was recoverable from the ore; at 
0.004 atmospheres, only 52% of the tin was recov- 
 erable. 
Figure 3 is a detailed view of apparatus suitable 
for practicing the preferred two-bed form of this 
invention. The gas impermeable reactor collec- 
tively designated as  bas an upper side-wall 
 member |2 surmounted by a detachable casing 
member 8 and a lower sid, e-wall member | to 
which is detachably secured the bottom casing 
member . Insulation material such a rock- 
wool |3 is between upper casing member 2 and 
5 inner refractory materiaI |4. This refractory 
material may be sflicon carbide. Likewise, in- 
sulation material 2@ lies between lower casing 
member |9 and inner refractory material 
Refractory material 39 is positioned beneath the 
0 top casing member . Gas-permeable or aper- 
tured rigid constriction plate |6 lies horizontally 
between upper cashg member | 2 and lower cas- 
ing member | 9. This division the reactor | | into 
an upper zone 54 for tin-volatilization and a lower 
25 zone 22 for ore-roasting. Gas-permeable or ap- 
ertured rigid constriction plate 53 lies horizon 
tally between lower casing member  9 and bottom 
casing member 3¢. 
Ore supply hopper 4| lies above feed-supply 
:0 conduit 42 which goes through upper casing 
member 32 and tmninates at its lower extremity, 
at a point adjacent to but above constriction 
plate 5. The rate of ore fed to reactor | | may 
be controllably adjusted by valve . 
:].» During processing, the ore particles supplied 
to the reactor  | ïorm the tin-volatilization zone 
or fluidized-bed 64 surmounted by oxidation zone 
36 and the ore-roasting zone or fluidized-solids 
bed 22 surmounted by freeboard zone 34 above the 
 t0 bed 22. Solids from bed 4 overflow into conduit 
6 which is composed of refractory material such 
as iilicon carbide. The conduit  terminates ai 
its upper end at the fluid level of the solids in 
the bed 4 and at its lower end at a point just 
45 above the constriction plate 5. Treated solids 
overflow from the fluid level oï the bed 22 into 
the upper end oï conduit 23 and are conducted 
fo outside the reactor il. The rate thereof is 
controlled by valve 24. 
50 Air is supplied to the oxidation zone 36 through 
conduit 4 and the rate is controlled by valve 44. 
Treatment gas is supptied to the reactor || 
through conduit 29 to wind-box 3| and is diffus- 
ingly distributed by constriction plate 53 to the 
55 bed 22. Air and/or fuel may be supplied to bed 
22 through conduit 32; the rate thereof is con- 
trolled by valve 3. Liewise air or fuel or treat- 
ment gas may be supplied fo the freeboard zone 
34 through conduit |6 and the rate of supply 
60 controlled by valve |. 
The treatment gas flowing upwardly through 
conduit 29 is composed of air and recycle gas from 
the reactor  . The air is supplied to conduit 29 
through conduit 25 having valve 5; the recycle 
65 
gas is supplied to conduit 
having valve 
The entrained product as well as entraining 
gases and some entrained, untreated solids leave 
70 the oxidation zone 3 through conduit . These 
enter the cyclone collectively designated 
The unreacted solids settle in the lower portion 
of cyclone $6 and are removed therefrom through 
conduit 45 having valve 4. The entraining gases 
75 and tin-compound product leave the top of 
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cyclone $§ through conduit §2 and enter bag- 
filter apparatus collectively designated 66. 
Cyclone 6§ has casing members 47 and 67 lined 
with insulating material 46 and refractory mate- 
rial 49 plus a top casing member §| posifioned 
above refractory material 66. 
The bag-Iter apparatus 66 has a fibrous ma- 
terial §4 positioned within a shell collectively 
designated 3. The solid tin-compound product 
separated Lu bag-filter apparatus 66 is removed 
therefrom af ifs lower end through conduit 66 
having valve §5. The dust-free gases leave bag- 
filter apparatus 66 ai the top thereof through 
conduit 67. 
A portion of the dust-free gases fiowing through 
conduit 67 enter recycle conduit 59 having valve 
66 and enter compressor 6 | powered by motor 62. 
These are delivered through conduit 28 fo con- 
duit 29. 
The remainder of the gases hot entering recycle 
conduit 59 fiow through conduit 56 for further 
utillzation, if desired. 
In operation of the reactor || and appended 
equipment, reactor | | is first pre-heated by burn- 
ing fuel and air supplied through conduit 32. 
Then the ore is supplied from hopper 4| fo bed 
64 through conduit 42. Partially treated ore 
overfiows from bed 64 ai ifs fluid-level into con- 
duit 35 and is discharged into bed 22 ai a point 
above the constriction plate 63. Treated ore from 
bed 22 is discharged ai the level therein through 
conduit 2S. 
Treatment gas, comprising air and recycle gas 
from conduits 25 and 28 respectively enters the 
wLud-box Si through conduit 29 and flows suc- 
cessively upward through beds 22 and 64, jolning 
with air supplied through conduit 4 in oxidation 
zone 6; thereafter if leaves the reactor | | through 
conduit 7 and enters cyclone 65. Gases plus 
the tLu-fume leave cyclone 66 and enter bag-lter 
56 by conduit 52. Solids separated in cyclone 65 
are removed through conduit 45. 
In bag-filter 66, the tin-fume is separated from 
the gases and are removed therefrom through 
conduit 56 for further treatment or utflization. 
Gases leave bag-filter 66 through conduit 57. 
A portion thereof is recycled to the reactor | 
by means of conduit 59, compressor 6| and con- 
duit 28. The remaining gases are conducted 
through line 55 for further recovery or waste. 
As used in describing this invention, the words 
tin ore embrace natural or treated solids con- 
taining free or combined tin associated with rel- 
atively worthless gangue material. The solids 
should be capable of being in particle form. 
The words metallo-values embrace free or 
combined metais in their natural or treated state 
which are associated with relatively valueless 
solids. 
What we claire is: 
1. A process for continuously volatilizing tin- 
values of tin-bearing sulfide ore, vhich comprises 
establishing a bed of such ore in a volatilizing 
zone, passing an uprising stream of gas there- 
through ai a velocity sulïicient fo fiuidize the 
ore of the bed and heated fo a temperature sulïi- 
cient to maintain the temperature of the bed 
between substantially 825 ° C. and substantially 
94O ° C., establishing and maintaining the sulfur- 
vapor content of the uprising gas while in the 
bed af leas ai a value of 1% by volume fo vola- 
tilize tin-sulfide, dischargtng ore solids from the 
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bed fo establish a further bed, maintaining the 
latter at roasting temperature, passing through 
the further bed a stream of uprising gas at a 
velocity sulïicient fo fiuidize the ore thereof bear- 
5 ing oxygen in quantity suïcient fo roast the 
oxidizable contents of the bed as well as fo yield 
an oxygen-lean gas heated substantially fo roast- 
ing temperature, and introducing the oxygen- 
lean heated gas fo the volatilizing zone fo control 
10 shnultaneously the temperature as well as the 
sulfur-vapor pressure in the volatilizing zone. 
2. A process according fo claim 1, with the 
addition of conducting the gas containing the 
volatilized sulfidic tin compound as well as en- 
15 trained ore particles .from the volatilizing zone 
through an oxidation zone wherein an entrain- 
able tin oxide fume is formed, entraining the tin 
oxide fume in the gas, seParating the entrained 
ore particles from the gas and entrained tin oxide 
2o fume, separating the entrained tin oxide fume 
from the gas, and supplying a portion of the 
resulting clean gas fo the roasting zone. 
3. A process according fo clahn 1 wherein the 
temperature of the lower bed is less than 1,140 ° 
C. and fuel is supplied fo this bed. 
25 
4. A process for selectively volatilizing tLu 
values of tin-bearing sulfide ores which com- 
prises establishing and maintaining a bed of 
 finely-divided ore solids in a volatilization zone 
3o ai a volatilizing temperature, upflowing there- 
through a stream of oxygen-lean gas af a velocity 
sulïicient fo fiuidize the ore of the bed, volatiliz- 
ing the volatilizable metallic sulfides from the 
ore by controlling the quantity of oxygen in the 
upfiowing gas so as fo yleld a pre-determined 
35 sulfur-vapor pressure in the bed, discharging the 
non-volatilized residual sulfidic ore from the bed 
fo a further zone maintained af a roasting tem- 
perature, establishing and maintaining a bed of 
the ore in the latter zone, roasting the ore in 
4o the latter bed while passing therethrough an up- 
rising stream of oxygen-bearing gas ai a velocity 
sulïicient fo fiuidize the ore of that bed as well 
as fo yield an oxygen-lean gas heated fo sub- 
stantially roasting temperature, introducing the 
45 resulting heated gas fo the volatilizing zone to 
control simultaneously both the temperature and 
the sulïur-vapor pressure in the volatflizing zone. 
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